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(57) ABSTRACT

A touch panel includes an upper electrode substrate having a
rectangular shape and having an upper conductive film
formed thereon, a lower electrode substrate having a rectan-
gular shape and having a lower conductive film formed
thereon, a first power feeding terminal, a second power feed-
ing terminal, a third power feeding terminal, and a fourth
power feeding terminal disposed on the lower conductive film
at four respective corners of the lower electrode substrate, a
first potential detecting unit configured to detect a potential of
the second power feeding terminal, a second potential detect-
ing unit configured to detect a potential of the fourth power
feeding terminal, and a third potential detecting unit config-
ured to detect a potential of the third power feeding terminal.

6 Claims, 7 Drawing Sheets
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TOUCH PANEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosures herein relate to a touch panel.

2. Description of the Related Art

A touch panel (i.e., touchscreen panel) is an input device
that allows input to be directly entered into a display, and is
placed in front of the display. Touch panels are widely used in
various applications because of their capability of allowing
direct inputting based on visual information provided by the
display.

A resistive-type touch panel is widely known in the art. The
resistive-type touch panel includes an upper electrode sub-
strate and a lower electrode substrate having respective trans-
parent conductive films. These substrates are arranged such
that the corresponding transparent conductive films face each
other. When pressure is applied to a point on the upper elec-
trode substrate, the transparent conductive films are brought
into contact with each other, thereby allowing the position of
the pressed point to be detected.

The resistive-type touch panel is classified into a four-wire-
type and a five-wire-type. In the four-wire-type, X-axis elec-
trodes are disposed on one of the upper electrode substrate
and the lower electrode substrate, and Y-axis electrodes are
disposed on the other substrate (see Patent Document 1, for
example). In the five-wire-type, X-axis electrodes and Y-axis
electrodes are both disposed on the lower electrode substrate
while the upper electrode substrate serves as a probe for
detecting voltage (see Patent Document 2, for example).

The four-wire-type touch panels include those which allow
multiple points of contact to be detected (see Patent Docu-
ment 4, for example).

There is no five-wire-type touch panel that allows multiple
points of contact to be readily detected.

Accordingly, it may be desirable to provide a five-wire-
type touch panel that allows multiple points of contact to be
readily detected.

[Patent Document 1] Japanese Laid-open Patent Publication
No. 2004-272722

[Patent Document 2] Japanese Laid-open Patent Publication
No. 2008-293129

[Patent Document 3] Japanese Laid-open Patent Publication
No. H11-353101

[Patent Document 4] Japanese Laid-open Patent Publication
No. 2009-176114

[Patent Document 5] Japanese Laid-open Patent Publication
No. 2012-230504

[Patent Document 6] Japanese Laid-open Patent Publication
No. 2012-141941

[Patent Document 7| Japanese National Publication of Inter-
national Patent Application No. 2005-505065

[Patent Document 8] Japanese National Publication of Inter-
national Patent Application No. 2011-502314

SUMMARY OF THE INVENTION

According to an embodiment, a touch panel includes an
upper electrode substrate having a rectangular shape and
having an upper conductive film formed thereon, a lower
electrode substrate having a rectangular shape and having a
lower conductive film formed thereon, a first power feeding
terminal, a second power feeding terminal, a third power
feeding terminal, and a fourth power feeding terminal dis-
posed on the lower conductive film at four respective corners
of the lower electrode substrate, a first switch situated
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between the second power feeding terminal and a ground
potential, a second switch situated between the third power
feeding terminal and the ground potential, a first resistor and
a third switch that are series-connected between the second
power feeding terminal and a power supply potential, a first
potential detecting unit configured to detect a potential of the
second power feeding terminal, a second resistor and a fourth
switch that are series-connected between the fourth power
feeding terminal and the power supply potential, a second
potential detecting unit configured to detect a potential of the
fourth power feeding terminal, a third resistor and a fifth
switch that are series-connected between the third power
feeding terminal and the power supply potential, and a third
potential detecting unit configured to detect a potential of the
third power feeding terminal.

According to an embodiment, a touch panel includes an
upper electrode substrate having a rectangular shape and
having an upper conductive film formed thereon, a lower
electrode substrate having a rectangular shape and having a
lower conductive film formed thereon, a first power feeding
terminal, a second power feeding terminal, a third power
feeding terminal, and a fourth power feeding terminal dis-
posed on the lower conductive film at four respective corners
of the lower electrode substrate, a first switch situated
between the second power feeding terminal and a ground
potential, a second switch situated between the third power
feeding terminal and the ground potential, a third switch
having a first terminal thereof coupled to the second power
feeding terminal, a fourth switch having a first terminal
thereof coupled to the fourth power feeding terminal, a first
resistor having a first end thereof coupled to a second terminal
of the third switch and to a second terminal of the fourth
switch, a first potential detecting unit configured to detect a
potential at a point between the first end of the first resistor
and both the second terminal of the third switch and the
second terminal of the fourth switch, a fifth switch having a
first terminal thereof coupled to the fourth power feeding
terminal, a sixth switch having a first terminal thereof coupled
to the third power feeding terminal, a second resistor having
a first end thereof coupled to a second terminal of the fifth
switch and to a second terminal of the sixth switch, and a
second potential detecting unit configured to detect a poten-
tial at a point between the first end of the second resistor and
both the second terminal of the fifth switch and the second
terminal of the sixth switch, wherein a second terminal of the
first resistor and a second terminal of the second resistor are
coupled to a power supply potential.

According to an embodiment, a touch panel includes an
upper electrode substrate having a rectangular shape and
having an upper conductive film formed thereon, a lower
electrode substrate having a rectangular shape and having a
lower conductive film formed thereon, a first power feeding
terminal, a second power feeding terminal, a third power
feeding terminal, and a fourth power feeding terminal dis-
posed on the lower conductive film at four respective corners
of'the lower electrode substrate, a first potential detecting unit
configured to detect at least one of a potential of the third
power feeding terminal and a potential of the fourth power
feeding terminal when the third and fourth power feeding
terminals are coupled to a first potential, and the first and
second power feeding terminals are coupled to a second
potential, a second potential detecting unit configured to
detect at least one of a potential of the second power feeding
terminal and a potential of the fourth power feeding terminal
when the second and fourth power feeding terminals are
coupled to the first potential, and the first and third power
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feeding terminals are coupled to the second potential, and a
third potential detecting unit configured to detect a potential
of the upper conductive film.

According to at least one embodiment, a five-wire-type
touch panel is provided that allows multiple points of contact
to be readily detected.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and further features of the present invention
will be apparent from the following detailed description when
read in conjunction with the accompanying drawings, in
which:

FIG. 1 is a drawing illustrating the structure of a touch
panel of a first embodiment;

FIG. 2 is an illustrative drawing of the touch panel of the
first embodiment;

FIG. 3 is an illustrative drawing of the touch panel of the
first embodiment;

FIG. 4 is an illustrative drawing of the touch panel of the
first embodiment;

FIG. 5 is an illustrative drawing of the touch panel of the
first embodiment;

FIG. 6 is a drawing illustrating the structure of a touch
panel of a second embodiment;

FIG. 7 is an illustrative drawing of the touch panel of the
second embodiment;

FIG. 8 is an illustrative drawing of the touch panel of the
second embodiment;

FIG. 9 is a drawing illustrating the structure of a touch
panel of a third embodiment;

FIG. 10 is an illustrative drawing of a touch panel of a
fourth embodiment;

FIG. 11 is a drawing illustrating the structure of a touch
panel of a fifth embodiment; and

FIGS. 12A through 12C are illustrative drawings of a
method of controlling the touch panel of the fifth embodi-
ment.

DESCRIPTION OF EMBODIMENTS

In the following, embodiments will be described by refer-
ring to the accompanying drawings. The same or similar
elements are referred to by the same or similar numerals.

First Embodiment

In the following, a description will be given of a touch
panel according to a first embodiment. This embodiment is
directed to a five-wire-type touch panel that is capable of
detecting two contact points.

With reference to FIG. 1, a description will be given of a
touch panel according to the present embodiment. The touch
panel of the present embodiment includes an upper electrode
substrate 10 and a lower electrode substrate 20. The upper
electrode substrate 10 is a rectangular substrate made of glass
or transparent resin material that has a transparent conductive
film 11 made of ITO (Indium Tin Oxide) or the like formed
thereon to serve as an upper conductive film. The lower elec-
trode substrate 20 is a rectangular substrate made of glass or
transparent resin material that has a transparent conductive
film 21 made of ITO (Indium Tin Oxide) or the like formed
thereon to serve as a lower conductive film. The upper elec-
trode substrate 10 and the lower electrode substrate 20 are
placed such that the transparent conductive film 11 and the
transparent conductive film 21 face each other.
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The four corners of the lower electrode substrate 20 have a
first power feeding terminal 31, a second power feeding ter-
minal 32, a third power feeding terminal 33, and a fourth
power feeding terminal 34 formed on the transparent conduc-
tive film 21. In the present embodiment, the straight line
connecting between the first power feeding terminal 31 and
the second power feeding terminal 32 and the straight line
connecting between the third power feeding terminal 33 and
the fourth power feeding terminal 34 are both parallel to the Y
axis. Further, the straight line connecting between the first
power feeding terminal 31 and the third power feeding termi-
nal 33 and the straight line connecting between the second
power feeding terminal 32 and the fourth power feeding ter-
minal 34 are both parallel to the X axis.

The first power feeding terminal 31 is coupled to the
ground, and receives a voltage of 0 V. The second power
feeding terminal 32 is coupled to a first terminal of a first
switch SW1, and a second terminal of the first switch SW1 is
coupled to the ground potential. The third power feeding
terminal 33 is coupled to a first terminal of a second switch
SW2, and a second terminal of the second switch SW2 is
coupled to the ground potential.

The second power feeding terminal 32 is coupled to the
power supply potential through a third switch SW3 and a first
resistor 41 that are series-connected. The third power feeding
terminal 33 is coupled to the power supply potential through
a sixth switch SW6 and a second resistor 42 that are series-
connected. The fourth power feeding terminal 34 is coupled
to the power supply potential through a fourth switch SW4
and the first resistor 41 that are series-connected. The fourth
power feeding terminal 34 is further coupled to the power
supply potential through a fifth switch SW5 and the second
resistor 42 that are series-connected.

Namely, the second power feeding terminal 32 is coupled
to a first terminal of the third switch SW3, and the fourth
power feeding terminal 34 is coupled to a first terminal of the
fourth switch SW4, with a second terminal of the third switch
SW3 and a second terminal of the fourth switch SW4 being
coupled to each other. Further, the second terminal of the third
switch SW3 and the second terminal of the fourth switch SW4
are coupled to one end of the first resistor 41, and the other end
of'the first resistor 41 is coupled to the power supply potential.
Moreover, a first potential detecting unit 51 is coupled to a
connection point between the second terminal of the third
switch SW3, the second terminal of the fourth switch SW4,
and the above-noted one end of the first resistor 41.

The third power feeding terminal 33 is coupled to a first
terminal of the sixth switch SW6, and the fourth power feed-
ing terminal 34 is coupled to a first terminal of the fifth switch
SW35, with a second terminal of the sixth switch SW6 and a
second terminal of the fifth switch SW5 being coupled to each
other. Further, the second terminal of the sixth switch SW6
and the second terminal of the fifth switch SW5 are coupled to
one end of the second resistor 42, and the other end of the
second resistor 42 is coupled to the power supply potential.
Moreover, a second potential detecting unit 52 is coupled to a
connection point between the second terminal of the sixth
switch SW6, the second terminal of the fifth switch SW5, and
the above-noted one end of the second resistor 42.

In order to perform a measurement in the X-axis direction
in the touch panel of the present embodiment, the first switch
SWI1 is closed, and the second switch SW2 is open, with the
third switch SW3 and the fourth switch SW4 being open, and
the fifth switch SW5 and the sixth switch SW6 being closed.
With this arrangement, as illustrated in FIG. 2, the first power
feeding terminal 31 and the second power feeding terminal 32
are coupled to the ground, and the third power feeding termi-
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nal 33 and the fourth power feeding terminal 34 are coupled
to the power supply potential through the second resistor 42.
As a result, the transparent conductive film 21 of the lower
electrode substrate 20 has a potential gradient in the X-axis
direction.

In order to perform a measurement in the Y-axis direction
in the touch panel of the present embodiment, the first switch
SWI1 is open, and the second switch SW2 is closed, with the
third switch SW3 and the fourth switch SW4 being closed,
and the fifth switch SW5 and the sixth switch SW6 being
open. With this arrangement, as illustrated in FIG. 3, the first
power feeding terminal 31 and the third power feeding termi-
nal 33 are coupled to the ground, and the second power
feeding terminal 32 and the fourth power feeding terminal 34
are coupled to the power supply potential through the first
resistor 41. As a result, the transparent conductive film 21 of
the lower electrode substrate 20 has a potential gradient in the
Y-axis direction.

In the touch panel of the present embodiment, as illustrated
in FIG. 2, a potential gradient is generated in the X-axis
direction, and the second potential detecting unit 52 is used to
detect a voltage divided by the second resistor 42 and the
resistance of the touch panel. With the resistance of the sec-
ond resistor 42 being known, the resistance of the touch panel
is derived from the detected divided voltage. The resistance of
the touch panel is the resistance of the transparent conductive
film 21 in the X-axis direction between the pair of the third
power feeding terminal 33 and the fourth power feeding ter-
minal 34 and the pair of the first power feeding terminal 31
and the second power feeding terminal 32 when there is no
touch or when there is a single point of touch. It may be noted
that in the case of pressure being applied at a single point on
the upper electrode substrate 10, the transparent conductive
film 11 and the transparent conductive film 21 come in con-
tact with each other only at this single point of touch. The
resistance of the touch panel as measured by the above-noted
configuration is not affected by the presence of such a single
point touch.

In the case of pressure being applied at two points on the
upper electrode substrate 10, on the other hand, the transpar-
ent conductive film 11 and the transparent conductive film 21
come in contact with each other at these two points of touch,
between which a portion of the transparent conductive film 11
and a portion of the transparent conductive film 21 are paral-
lel-connected to form parallel-connected resistances. The
resistance of the touch panel as measured by the above-noted
configuration thus involves such parallel-connected resis-
tances, and is responsive to the distance between the two
points of touch.

Further, as illustrated in FIG. 3, a potential gradient is
generated in the Y-axis direction, and the first potential detect-
ing unit 51 is used to detect a voltage divided by the first
resistor 41 and the resistance of the touch panel. With the
resistance of the first resistor 41 being known, the resistance
of the touch panel is derived from the detected divided volt-
age. The resistance of the touch panel is the resistance of the
transparent conductive film 21 in the Y-axis direction between
the pair of the second power feeding terminal 32 and the
fourth power feeding terminal 34 and the pair of the first
power feeding terminal 31 and the third power feeding termi-
nal 33 when there is no touch or when there is a single point
of'touch. The resistance of the touch panel as measured by the
above-noted configuration is not affected by the presence of a
single point touch.

In the case of pressure being applied at two points on the
upper electrode substrate 10, on the other hand, the transpar-
ent conductive film 11 and the transparent conductive film 21
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6

come in contact with each other at these two points of touch,
between which a portion of the transparent conductive film 11
and a portion of the transparent conductive film 21 are paral-
lel-connected to form parallel-connected resistances. The
resistance of the touch panel as measured by the above-noted
configuration thus involves such parallel-connected resis-
tances, and is responsive to the distance between the two
points of touch.

With the above-described arrangement, the distance as
well as a change in the distance between two points of contact
such as points A and B illustrated in FIG. 4 and FIG. 5, for
example, are detectable based on the resistance between the
point A and the point B. This arrangement thus enables the
detection of a multi-touch operation. FIG. 4 illustrates a case
in which the second potential detecting unit 52 detects a
potential when a potential gradient in the X-axis direction is
generated as illustrated in FIG. 2. FIG. 5 illustrates a case in
which the first potential detecting unit 51 detects a potential
when a potential gradient in the Y-axis direction is generated
as illustrated in FIG. 3.

Second Embodiment

In the following, a description will be given of a touch
panel according to a second embodiment. This embodiment is
directed to a five-wire-type touch panel which includes the
upper electrode substrate 10 and the lower electrode substrate
20, and which enables the detection of positions of two con-
tact points when there are two points of touch on the touch
panel. With this arrangement, multi-touch gestures can be
identified when there are two points of touch on the touch
panel.

With reference to FIG. 6, a description will be given of a
touch panel according to the present embodiment. In the
touch panel of the present embodiment, the upper electrode
substrate 10 is a rectangular substrate made of glass or trans-
parent resin material that has a transparent conductive film 11
made of ITO or the like formed thereon to serve as an upper
conductive film. The lower electrode substrate 20 is a rectan-
gular substrate made of glass or transparent resin material that
has a transparent conductive film 21 made of ITO (Indium Tin
Oxide) or the like formed thereon to serve as a lower conduc-
tive film. The upper electrode substrate 10 and the lower
electrode substrate 20 are placed such that the transparent
conductive film 11 and the transparent conductive film 21
face each other.

The four corners of the lower electrode substrate 20 have a
first power feeding terminal 31, a second power feeding ter-
minal 32, a third power feeding terminal 33, and a fourth
power feeding terminal 34 formed on the transparent conduc-
tive film 21. In the present embodiment, the straight line
connecting between the first power feeding terminal 31 and
the second power feeding terminal 32 and the straight line
connecting between the third power feeding terminal 33 and
the fourth power feeding terminal 34 are both parallel to the Y
axis. Further, the straight line connecting between the first
power feeding terminal 31 and the third power feeding termi-
nal 33 and the straight line connecting between the second
power feeding terminal 32 and the fourth power feeding ter-
minal 34 are both parallel to the X axis.

The first power feeding terminal 31 is coupled to the
ground, and receives a voltage of 0 V. The second power
feeding terminal 32 is coupled to a first terminal of a first
switch SW1, and a second terminal of the first switch SW1 is
coupled to the ground potential. The third power feeding
terminal 33 is coupled to a first terminal of a second switch
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SW2, and a second terminal of the second switch SW2 is
coupled to the ground potential.

The second power feeding terminal 32 is coupled to the
power supply potential through a first resistor 141 and a third
switch SW13 that are series-connected. The third power feed-
ing terminal 33 is coupled to the power supply potential
through a fourth resistor 144 and a sixth switch SW16 that are
series-connected. The fourth power feeding terminal 34 is
coupled to the power supply potential through a second resis-
tor 142 and a fourth switch SW14 that are series-connected.
The fourth power feeding terminal 34 is also coupled to the
power supply potential through a third resistor 143 and a fifth
switch SW15 that are series-connected.

Namely, the second power feeding terminal 32 is coupled
to one end of the first resistor 141, and the other end of the first
resistor 141 is coupled to a first terminal of the third switch
SW13, with a second terminal of the third switch SW13 being
coupled to the power supply potential. Further, a connection
point between the second power feeding terminal 32 and the
above-noted one end of the first resistor 141 is coupled to a
first potential detecting unit 151. With this arrangement, the
first potential detecting unit 151 detects the potential of the
second power feeding terminal 32.

Moreover, the third power feeding terminal 33 is coupled to
one end of the fourth resistor 144, and the other end of the
fourth resistor 144 is coupled to a first terminal of the sixth
switch SW16, with a second terminal of the sixth switch
SW16 being coupled to the power supply potential. Further, a
connection point between the third power feeding terminal 33
and the above-noted one end of the fourth resistor 144 is
coupled to a fourth potential detecting unit 154. With this
arrangement, the fourth potential detecting unit 154 detects
the potential of the third power feeding terminal 33.

Moreover, the fourth power feeding terminal 34 is coupled
to one end of the second resistor 142, and the other end of the
second resistor 142 is coupled to a first terminal of the fourth
switch SW14, with a second terminal of the fourth switch
SW14 being coupled to the power supply potential. Further, a
connection point between the fourth power feeding terminal
34 and the above-noted one end of the second resistor 142 is
coupled to a second potential detecting unit 152. With this
arrangement, the second potential detecting unit 152 detects
the potential of the fourth power feeding terminal 34.

Moreover, the fourth power feeding terminal 34 is coupled
to one end of the third resistor 143, and the other end of the
third resistor 143 is coupled to a first terminal of the fifth
switch SW15, with a second terminal of the fifth switch
SW15 being coupled to the power supply potential. Further, a
connection point between the fourth power feeding terminal
34 and the above-noted one end of the third resistor 143 is
coupled to a third potential detecting unit 153. With this
arrangement, the third potential detecting unit 153 detects the
potential of the fourth power feeding terminal 34.

In order to perform a measurement in the X-axis direction
in the present embodiment, the first switch SW1 is closed, and
the second switch SW2 is open, with the third switch SW13
and the fourth switch SW14 being open, and the fifth switch
SW15 and the sixth switch SW16 being closed. With this
arrangement, as illustrated in FIG. 7, the first power feeding
terminal 31 and the second power feeding terminal 32 are
coupled to the ground, with the third power feeding terminal
33 being coupled to the power supply potential through the
fourth resistor 144, and the fourth power feeding terminal 34
being coupled to the power supply potential through the third
resistor 143. As a result, the transparent conductive film 21 of
the lower electrode substrate 20 has a potential gradient in the
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X-axis direction. In this state, the third potential detecting
unit 153 and the fourth potential detecting unit 154 perform
potential detections.

In order to perform a measurement in the Y-axis direction,
the first switch SW1 is open, and the second switch SW2 is
closed, with the third switch SW13 and the fourth switch
SW14 being closed, and the fitth switch SW15 and the sixth
switch SW16 being open. With this arrangement, as illus-
trated in FIG. 8, the first power feeding terminal 31 and the
third power feeding terminal 33 are coupled to the ground,
with the second power feeding terminal 32 being coupled to
the power supply potential through the first resistor 141, and
the fourth power feeding terminal 34 being coupled to the
power supply potential through the second resistor 142. As a
result, the transparent conductive film 21 of the lower elec-
trode substrate 20 has a potential gradient in the Y-axis direc-
tion. In this state, the first potential detecting unit 151 and the
second potential detecting unit 152 perform potential detec-
tions.

Subsequently, the coordinate positions of two points of
touch on the touch panel are calculated based on the respec-
tive potentials detected by the third potential detecting unit
153 and the fourth potential detecting unit 154 and the respec-
tive potentials detected by the first potential detecting unit
151 and the second potential detecting unit 152. With this
arrangement, multi-touch gestures can be identified when
there are two points of touch.

In the present embodiment, the first resistor 141 may have
a resistance equal to the resistance between the second power
feeding terminal 32 and the first power feeding terminal 31,
and the second resistor 142 may have a resistance equal to the
resistance between the fourth power feeding terminal 34 and
the third power feeding terminal 33. Further, the third resistor
143 may have a resistance equal to the resistance between the
fourth power feeding terminal 34 and the second power feed-
ing terminal 32, and the fourth resistor 144 may have a resis-
tance equal to the resistance between the third power feeding
terminal 33 and the first power feeding terminal 31.

Third Embodiment

In the following, a description will be given of a touch
panel according to a third embodiment. The touch panel of
this embodiment is directed to a configuration in which the
numbers of resistors, potential detecting units, and switches
are reduced compared with the touch panel of the second
embodiment. The present embodiment thus provides a touch
panel having the same or similar functions as the touch panel
of the second embodiment at a lower cost.

With reference to FIG. 9, a description will be given of the
touch panel according to the present embodiment. In the
touch panel of the present embodiment, the first power feed-
ing terminal 31 is coupled to the ground, and receives a
voltage of 0 V. The second power feeding terminal 32 is
coupled to a first terminal of a first switch SW1, and a second
terminal of the first switch SW1 is coupled to the ground
potential. The third power feeding terminal 33 is coupled to a
first terminal of a second switch SW2, and a second terminal
of'the second switch SW2 is coupled to the ground potential.

The second power feeding terminal 32 is coupled to the
power supply potential through a first resistor 241 and a third
switch SW23 that are series-connected. The third power feed-
ing terminal 33 is also coupled to the power supply potential
through a third resistor 243 and a fifth switch SW25 that are
series-connected. The fourth power feeding terminal 34 is
coupled to the power supply potential through a second resis-
tor 242 and a fourth switch SW24 that are series-connected.
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Namely, the second power feeding terminal 32 is coupled
to one end of the first resistor 241, and the other end of the first
resistor 241 is coupled to a first terminal of the third switch
SW23, with a second terminal of the third switch SW23 being
coupled to the power supply potential. Further, a connection
point between the second power feeding terminal 32 and the
above-noted one end of the first resistor 241 is coupled to a
first potential detecting unit 251. With this arrangement, the
first potential detecting unit 251 detects the potential of the
second power feeding terminal 32.

Moreover, the third power feeding terminal 33 is coupled to
one end of the third resistor 243, and the other end of the third
resistor 243 is coupled to a first terminal of the fifth switch
SW25, with a second terminal of the fifth switch SW25 being
coupled to the power supply potential. Further, a connection
point between the third power feeding terminal 33 and the
above-noted one end of the third resistor 243 is coupled to a
third potential detecting unit 253. With this arrangement, the
third potential detecting unit 253 detects the potential of the
third power feeding terminal 33.

Moreover, the fourth power feeding terminal 34 is coupled
to one end of the second resistor 242, and the other end of the
second resistor 242 is coupled to a first terminal of the fourth
switch SW24, with a second terminal of the fourth switch
SW24 being coupled to the power supply potential. Further, a
connection point between the fourth power feeding terminal
34 and the above-noted one end of the second resistor 242 is
coupled to a second potential detecting unit 252. With this
arrangement, the second potential detecting unit 252 detects
the potential of the fourth power feeding terminal 34.

In other words, the present embodiment uses the second
potential detecting unit 252 that serves the functions of both
the second potential detecting unit 152 and the third potential
detecting unit 153 of the second embodiment. Further, the
second resistor 242 serves the functions of both the second
resistor 142 and the third resistor 143 of the second embodi-
ment. The fourth switch SW24 serves the functions of both
the fourth switch SW14 and the fifth switch SW15 of the
second embodiment.

In the present embodiment, the first resistor 241 may have
a resistance equal to the resistance between the second power
feeding terminal 32 and the first power feeding terminal 31,
and the second resistor 242 may have a resistance equal to the
resistance between the fourth power feeding terminal 34 and
the third power feeding terminal 33. Further, the third resistor
243 may have a resistance equal to the resistance between the
fourth power feeding terminal 34 and the second power feed-
ing terminal 32, or may have a resistance equal to the resis-
tance between the third power feeding terminal 33 and the
first power feeding terminal 31.

Further, the first resistor 241 of the present embodiment
corresponds to the first resistor 141 of the second embodi-
ment, and the third resistor 243 corresponds to the fourth
resistor 144 of the second embodiment. Further, the third
switch SW23 of the present embodiment corresponds to the
third switch SW13 of the second embodiment, and the fifth
switch SW25 corresponds to the sixth switch SW16 of the
second embodiment. Further, the first potential detecting unit
251 of'the present embodiment corresponds to the first poten-
tial detecting unit 151 of the second embodiment, and the
third potential detecting unit 253 corresponds to the fourth
potential detecting unit 154 of the second embodiment.

In the present embodiment, the second resistor 242 serves
the functions of both the second resistor 142 and the third
resistor 143 of the touch panel of the second embodiment. The
second potential detecting unit 252 serves the functions of
both the second potential detecting unit 152 and the third
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potential detecting unit 153 of the touch panel of the second
embodiment. Further, the fourth switch SW24 serves the
functions of both the fourth switch SW14 and the fifth switch
SW15 of the touch panel of the second embodiment.

Configurations other than those described above are the
same as or similar to those of the second embodiment.

Fourth Embodiment

In a typical five-wire-type touch panel, a low resistance
pattern is formed on the perimeter of the transparent conduc-
tive film 21 on the surface thereof facing toward the glass,
thereby providing a homogeneous potential distribution.
When pressure is applied to the touch panel at two points of
touch, the transparent conductive film 11 and the transparent
conductive film 21 form parallel-connected resistances
whose combined resistance varies in response to the positions
of the two points of touch. A change in the combined resis-
tance is detected by an external apparatus by measuring a total
resistance including the resistance of the low resistance pat-
tern, so that the magnitude of the detected change is very
small and may be smaller than a few ohms. It may be noted
that the panel resistance ranges from tens of ohms to hundreds
of ohms.

Detecting such a small resistance change as a change in the
voltage divided by a potential divider using a fixed resistance
may be difficult because the divided voltage may exhibit a
change of only a few millivolts at the maximum. Accordingly,
there is a need to amplify the divided voltage to a detectable
range. When the ratio of the fixed resistance to the panel
resistance is 1 to 1, the divided voltage is 2.5 V in the case of
apower supply voltage of 5 V. Amplifying such a voltage ina
straightforward manner would produce a voltage ranging
from tens of voltages to hundreds of voltages, which is diffi-
cult to handle. In consideration of this, a voltage of 2.5 V is
maintained as a reference voltage, and only a change from this
reference voltage is obtained by use of a differential amplifier.
Further, a divided voltage of 2.5V, which varies due to varia-
tion in the panel resistance or the fixed resistance, is sampled
and held in a given environment by use of a sample and hold
circuit.

In the following, a fourth embodiment will be described.
The touch panel of this embodiment employs a sample and
hold circuit and a differential amplifier situated between a
power feeding terminal and a resistor, and further employs a
potential detecting unit to measure the output of the differen-
tial amplifier. This arrangement enables the accurate detec-
tion of the positions of touch as well as the types of gestures
by amplifying a detected minute potential change.

With reference to FIG. 10, a description will be given of the
touch panel according to the present embodiment. A descrip-
tion of the present embodiment will be given by referring to
an example in which the sample and hold circuit and the
differential amplifier are employed in the touch panel of the
second embodiment. This is not a limiting example, and the
configuration of the present embodiment is also applicable to
the touch panels of the first and third embodiments. FIG. 10
illustrates an example in which the sample and hold circuit
and the differential amplifier are situated between the first
resistor 141 and the second power feeding terminal 32 dis-
posed on the lower electrode substrate 20. The same or similar
configuration is also employed with respect to the path
between third power feeding terminal 33 and the fourth resis-
tor 144, the path between the fourth power feeding terminal
34 and the second resistor 142, and the path between the
fourth power feeding terminal 34 and the third resistor 143.
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In the present embodiment, an input terminal of a sample
and hold circuit 360 and one of the input terminals of a
differential amplifier 370 are connected to the path between
the first resistor 141 and the second power feeding terminal 32
disposed on the lower electrode substrate 20. The sample and
hold circuit 360 includes a sample and hold switch 361. A
sample and hold control unit 362 situated in a controller or the
like controls the operation of the sample and hold switch 361.
The sample and hold circuit 360 serves to sample and hold a
potential that is observed when there is no touch on the touch
panel by a finger or the like. Namely, the sample and hold
switch 361 is closed when the touch panel is free of touch by
a finger or the like, so that the sample and hold circuit 360
samples a potential as observed at the input terminal thereof
in such a state. With this arrangement, the sample and hold
circuit 360 samples and holds the potential as observed when
the touch panel is free of touch by a finger or the like. Sub-
sequently, the sample and hold switch 361 is opened. Opera-
tions on the touch panel are performed in the state in which
the sample and hold switch 361 is open. In this state, the
output terminal of the sample and hold circuit 360 provides
the potential as observed when there is no touch on the touch
panel by a finger or the like.

The output terminal of the sample and hold circuit 360 is
connected to one of the input terminals of the differential
amplifier 370, and the other one of the input terminals of the
differential amplifier 370 receives a potential observed at a
point between the first resistor 141 and the second power
feeding terminal 32. The differential amplifier 370 amplifies
a difference between the potentials input into the respective
input terminals to produce an amplified difference at the
output terminal of the differential amplifier 370. The signal
output from the output terminal of the differential amplifier
370 is supplied to the first potential detecting unit 151.

In the present embodiment, the signal output from the
output terminal of the differential amplifier 370 is a result of
amplifying a difference between the potentials input into the
respective input terminals of the differential amplifier 370.
Accordingly, the first potential detecting unit 151 detects a
signal exhibiting a large change obtained by amplifying a
change in the potentials. With this arrangement, the positions
of touch points and the types of gestures are detected with
improved accuracy even when there are multiple touch points
on the touch panel.

Inthe present embodiment, another sample and hold circuit
and another differential amplifier are also situated between
the third power feeding terminal 33 and the fourth resistor
144. The output of this differential amplifier situated between
the third power feeding terminal 33 and the fourth resistor 144
is supplied to the fourth potential detecting unit 154. Further,
another sample and hold circuit and another differential
amplifier are also situated between the fourth power feeding
terminal 34 and the second resistor 142. The output of this
differential amplifier situated between the fourth power feed-
ing terminal 34 and the second resistor 142 is supplied to the
second potential detecting unit 152. Moreover, another
sample and hold circuit and another differential amplifier are
also situated between the fourth power feeding terminal 34
and the third resistor 143. The output of this differential
amplifier situated between the fourth power feeding terminal
34 and the third resistor 143 is supplied to the third potential
detecting unit 153.

Fifth Embodiment

In the following, a fifth embodiment will be described. A
touch panel of the present embodiment is directed to a con-
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figuration that has the function to detect a single point of
touch on the touch panel of the second embodiment. The
present embodiment will be described by referring to the
touch panel of the second embodiment as an example. This is
not a limiting example, and the present embodiment is also
applicable to the touch panels of the first and third embodi-
ments.

The touch panel of the present embodiment includes a
multi-touch detecting circuit 401 for detecting two or more
points of touch and a single-touch detecting circuit 402 for
detecting a single point of touch. The multi-touch detecting
circuit 401 of the present embodiment is the same as or
similar to the configuration employed in the touch panel of the
second embodiment.

The single-touch detecting circuit 402 includes a seventh
switch SW47, an eighth switch SW48, a ninth switch SW49,
and a tenth switch SW50.

Specifically, the second power feeding terminal 32 on the
lower electrode substrate 20 is coupled to a first terminal of
the seventh switch SW47, and a second terminal of the sev-
enth switch SW47 is coupled to the power supply potential.
The first terminal of the first switch SW1 and the first terminal
of the seventh switch SW47 are coupled to each other. The
first switch SW1 and the seventh switch SW47 are series-
connected between the ground potential and the power supply
potential.

The third power feeding terminal 33 is coupled to a first
terminal of the eighth switch SW48, and a second terminal of
the eighth switch SW48 is coupled to the power supply poten-
tial. The first terminal of the second switch SW2 and the first
terminal of the eighth switch SW48 are coupled to each other.
The second switch SW2 and the eighth switch SW48 are
series-connected between the ground potential and the power
supply potential.

The fourth power feeding terminal 34 is coupled to a first
terminal of the ninth switch SW49, and a second terminal of
the ninth switch SW49 is coupled to the power supply poten-
tial. The first power feeding terminal 31 is coupled to a first
terminal of the tenth switch SW50, and a second terminal of
the tenth switch SW50 is coupled to the ground potential.

A description will be given of position detection in the
touch panel of the present embodiment with reference to
FIGS. 12A through 12C.

A description will first be given of position detection in the
case of multi-touch by referring to FIG. 12A. In this case, the
seventh switch SW47, the eighth switch SW48, and the ninth
switch SW49 are open, and the tenth switch SW50 is closed.

In order to perform a measurement in the X-axis direction
in the this case, the first switch SW1 is closed, and the second
switch SW2 is open, with the third switch SW13 and the
fourth switch SW14 being open, and the fifth switch SW15
and the sixth switch SW16 being closed.

In order to perform a measurement in the Y-axis direction,
the first switch SW1 is open, and the second switch SW2 is
closed, with the third switch SW13 and the fourth switch
SW14 being closed, and the fitth switch SW15 and the sixth
switch SW16 being open.

A description will next be given of the position detection of
a single point of touch and the position detection of a mid-
point between two points of touch by referring to FIG. 12B. In
this case, the third switch SW13, the fourth switch SW14, and
the fifth switch SW15, and the sixth switch SW16 are open.

In order to perform a measurement in the X-axis direction
in the this case, the first switch SW1 is closed, and the second
switch SW2 is open, with the seventh switch SW47 being
open, the eighth switch SW48 and the ninth switch SW49
being closed, and the tenth switch SW50 being closed. With
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the switches being in the above-noted states, the third power
feeding terminal 33 and the fourth power feeding terminal 34
are set to the power supply potential, and the first power
feeding terminal 31 and the second power feeding terminal 32
are set to the ground potential, so that a potential gradient in
the X-axis direction is formed in the transparent conductive
film 21. When pressure is applied to the touch panel, the
transparent conductive film 11 comes in contact with the
transparent conductive film 21. A detecting unit 200 con-
nected to the transparent conductive film 11 detects a poten-
tial generated by such contact with the transparent conductive
film 21 that is responsive to the position(s) of contact in the
X-axis direction.

In order to perform a measurement in the Y-axis direction,
the first switch SW1 is open, and the second switch SW2 is
closed, with the seventh switch SW47 being closed, the
eighth switch SW48 being open, and the ninth switch SW49
and the tenth switch SW50 being closed. With the switches
being in the above-noted states, the second power feeding
terminal 32 and the fourth power feeding terminal 34 are set
to the power supply potential, and the first power feeding
terminal 31 and the third power feeding terminal 33 are set to
the ground potential, so that a potential gradient in the Y-axis
direction is formed in the transparent conductive film 21.
When pressure is applied to the touch panel, the transparent
conductive film 11 comes in contact with the transparent
conductive film 21. The detecting unit 200 connected to the
transparent conductive film 11 detects a potential generated
by such contact with the transparent conductive film 21 that is
responsive to the position(s) of contact in the Y-axis direction.

A description will further be given of the sampling and
holding of a potential when the touch panel of the fourth
embodiment is free of touch by a finger or the like by referring
to FIG. 12C. In this case, the switches are set in the same
manner as in the case of detecting the positions of multi-touch
points. That is, the seventh switch SW47, the eighth switch
SW48, and the ninth switch SW49 are open, and the tenth
switch SW50 is closed.

In order to perform a sample-and-hold operation in the
X-axis direction in the this case, the first switch SW1 is
closed, and the second switch SW2 is open, with the third
switch SW13 and the fourth switch SW14 being open, and the
fifth switch SW15 and the sixth switch SW16 being closed.

In order to perform a sample-and-hold operation in the
Y-axis direction, the first switch SW1 is open, and the second
switch SW2 is closed, with the third switch SW13 and the
fourth switch SW14 being closed, and the fifth switch SW15
and the sixth switch SW16 being, open.

Further, although the present invention is not limited to
these embodiments, but various variations and modifications
may be made without departing from the scope of the present
invention.

The present application is based on Japanese priority appli-
cation No. 2014-034476 filed on Feb. 25, 2014, with the
Japanese Patent Office, the entire contents of which are
hereby incorporated by reference.

What is claimed is:

1. A touch panel, comprising:

an upper electrode substrate having a rectangular shape and
having an upper conductive film formed thereon;

a lower electrode substrate having a rectangular shape and
having a lower conductive film formed thereon;

a first power feeding terminal, a second power feeding
terminal, a third power feeding terminal, and a fourth
power feeding terminal disposed on the lower conduc-
tive film at four respective corners of the lower electrode
substrate;
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a first switch situated between the second power feeding
terminal and a ground potential;

a second switch situated between the third power feeding
terminal and the ground potential;

a first resistor and a third switch that are series-connected
between the second power feeding terminal and a power
supply potential;

a first potential detecting unit configured to detect a poten-
tial of the second power feeding terminal;

a second resistor and a fourth switch that are series-con-
nected between the fourth power feeding terminal and
the power supply potential;

a second potential detecting unit configured to detect a
potential of the fourth power feeding terminal;

a third resistor and a fifth switch that are series-connected
between the third power feeding terminal and the power
supply potential; and

athird potential detecting unit configured to detect a poten-
tial of the third power feeding terminal.

2. The touch panel as claimed in claim 1, further compris-

ing:

a fourth resistor and a sixth switch that are series-con-
nected between the fourth power feeding terminal and
the power supply potential; and

a fourth potential detecting unit configured to detect a
potential of the fourth power feeding terminal.

3. The touch panel as claimed in claim 2, wherein the first
resistor, the second resistor, the third resistor, and the fourth
resistor all have a same resistance value.

4. The touch panel as claimed in claim 1, further compris-
ing:

sample and hold circuits; and

differential amplifiers,

wherein any given one of the second power feeding termi-
nal, the third power feeding terminal, and the fourth
power feeding terminal is coupled to an input terminal of
a corresponding one of the sample and hold circuits and
to an input terminal of a corresponding one of the dif-
ferential amplifiers,

wherein an output terminal of the corresponding one of the
sample and hold circuits is coupled to another input
terminal of the corresponding one of the differential
amplifiers, and

wherein output terminals of the differential amplifiers are
coupled to the first potential detecting unit, the second
potential detecting unit, and the third potential detecting
unit.

5. A touch panel, comprising:

anupper electrode substrate having a rectangular shape and
having an upper conductive film formed thereon;

a lower electrode substrate having a rectangular shape and
having a lower conductive film formed thereon;

a first power feeding terminal, a second power feeding
terminal, a third power feeding terminal, and a fourth
power feeding terminal disposed on the lower conduc-
tive film at four respective corners of the lower electrode
substrate;

a first switch situated between the second power feeding
terminal and a ground potential;

a second switch situated between the third power feeding
terminal and the ground potential;

a third switch having a first terminal thereof coupled to the
second power feeding terminal;

a fourth switch having a first terminal thereof coupled to
the fourth power feeding terminal;
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afirst resistor having a first end thereof coupled to a second
terminal of the third switch and to a second terminal of
the fourth switch;

a first potential detecting unit configured to detect a poten-
tial at a point between the first end of the first resistor and
both the second terminal of the third switch and the
second terminal of the fourth switch;

a fifth switch having a first terminal thereof coupled to the
fourth power feeding terminal;

a sixth switch having a first terminal thereof coupled to the
third power feeding terminal;

a second resistor having a first end thereof coupled to a
second terminal of the fifth switch and to a second ter-
minal of the sixth switch; and

a second potential detecting unit configured to detect a
potential at a point between the first end of the second
resistor and both the second terminal of the fifth switch
and the second terminal of the sixth switch,

wherein a second terminal of the first resistor and a second
terminal of the second resistor are coupled to a power
supply potential.

6. A touch panel, comprising:

an upper electrode substrate having a rectangular shape and
having an upper conductive film formed thereon;
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a lower electrode substrate having a rectangular shape and
having a lower conductive film formed thereon;

a first power feeding terminal, a second power feeding
terminal, a third power feeding terminal, and a fourth
power feeding terminal disposed on the lower conduc-
tive film at four respective corners of the lower electrode
substrate;

a first potential detecting unit configured to detect at least
one of a potential of the third power feeding terminal and
apotential of the fourth power feeding terminal when the
third and fourth power feeding terminals are coupled to
a first potential, and the first and second power feeding
terminals are coupled to a second potential;

a second potential detecting unit configured to detect at
least one of a potential of the second power feeding
terminal and a potential of the fourth power feeding
terminal when the second and fourth power feeding
terminals are coupled to the first potential, and the first
and third power feeding terminals are coupled to the
second potential; and

athird potential detecting unit configured to detect a poten-
tial of the upper conductive film.
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